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Increased prevalence of abdominal aortic
aneurysm in patients undergoing inguinal hernia
repair compared with patients without hernia
receiving aneurysm screening
George A. Antoniou, MD,a,b,c Athanasios D. Giannoukas, MD, PhD, EBSQvasc,c
George S. Georgiadis, MD,a Stavros A. Antoniou, MD,b Constantinos Simopoulos, MD,b
Panagiotis Prassopoulos, MD,d and Miltos K. Lazarides, MD, EBSQvasc,a Thrace and Larissa, Greece
Background: The introduction of screening programs for abdominal aortic aneurysm (AAA) is being contemplated by
health services in several countries. The correlation between aortic aneurysm and abdominal wall hernias is well reported,
and inguinal hernia has been identified as a risk factor for aortic aneurysm. However, the prevalence of AAA in patients
with inguinal hernia has not been adequately documented. This study evaluated whether patients with inguinal hernia are
at increased risk of having an AAA compared with patients without hernia receiving aneurysm screening.
Methods:Men aged>55 undergoing primary inguinal hernia repair underwent ultrasound imaging of the abdominal aorta
to screen for aneurysm. A reference groupwas selected frommenwithout clinical evidence of inguinal hernia participating
in an AAA screening program. Prevalence and odds ratios of AAA in the two groups were calculated.
Results: The study cohort comprised 235 patients with inguinal hernia and 203 controls. The mean SD aortic diameter
was 22  9 mm in patients with inguinal hernia vs 20  6 mm for controls (P  .045). The prevalence of AAA was 8.1%
in the hernia group and 3.9% in the control group (adjusted odds ratio, 3.9; 95% confidence interval, 1.6-9.5; P .039).
For aneurysms >4 cm, the prevalence was 5.1% in those with an inguinal hernia and 1.5% in those without an inguinal
hernia (adjusted odds ratio, 4.7; 95% confidence interval, 1.2-18.5, P  .025).
Conclusions: Inguinal hernia was a significant risk factor for AAA. Entry into a screening program of men aged >55
admitted for inguinal hernia repair should be considered. (J Vasc Surg 2011;53:1184-8.)
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sAbdominal aortic aneurysm (AAA) has been increasing
in prevalence in recent decades.1,2 AAA rupture is a formi-
dable risk associated with significant morbidity and mortal-
ity and creating substantial social and financial burdens for
health and surgical services in several countries. The clear
epidemiologic features, along with the elucidation of the
natural course of the disease and the well-defined and
effective therapeutic strategies, have instigated the intro-
duction of screening programs by health services and orga-
nizations in several countries.3,4
Duplex ultrasound imaging is a simple, noninvasive,
and accurate diagnostic tool suitable for this purpose.
There is evidence of a significant reduction in death from
AAA for men aged 65 to 79 who undergo screening.5-8 In
addition to age and male sex, other conditions, such as
smoking status and inguinal hernia, have been identified as
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1184isk factors for AAA.9,10 Therefore, potential screening
trategies are focusing on examining populations with a
igh prevalence of the disease.
The correlation between AAA and abdominal wall her-
ias is well reported, and emerging evidence suggests that
bnormal collagen metabolism resulting in extracellular
atrix defects constitutes an underlying pathophysiologic
echanism of aneurysm and hernia formation.11-13 Several
eports document AAA as a risk factor for abdominal wall
ernia formation.12,14,15 Despite this strong association, a
everse correlation, namely, whether inguinal hernia is a risk
actor for AAA, is not well documented. Two studies have
nvestigated the prevalence of AAA in patients with a his-
ory of inguinal hernia, with contradictory results.10,16 The
resent study assessed whether patients with an inguinal
ernia are more likely to have an AAA than patients without
hernia receiving aneurysm screening.
ETHODS
Study design. The study enrolled men aged55 who
ere consecutive patients undergoing primary inguinal
ernia repair at the University Hospital of Alexandroupolis
nd the University Hospital of Larissa, Greece, during a
-year study period between January 2005 and June 2008.
atients who presented and received treatment as elective
ases or as urgent or emergency cases were considered. The
tudy excluded patients admitted for repair of recurrent
nguinal hernias to obtain a homogenous group of inguinal
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Volume 53, Number 5 Antoniou et al 1185hernia patients undergoing primary repair at an age older
than the prespecified cutoff.
Ultrasound imaging of the abdominal aorta for the
detection of an aneurysm was routinely performed before
the inguinal hernia repair in all elective cases. In urgent/
emergency cases, abdominal ultrasound imaging was per-
formed before the operation, whenever possible, or within
the early postoperative period.
A reference group was selected from men aged 55
without clinical evidence of inguinal hernia or any other
abdominal wall hernia attending an AAA screening pro-
gram at the Department of Vascular Surgery of the Univer-
sity of Thessaly. This screening program was open to all
men aged 55 living in the district of Thessaly, central
Greece. The reference group comprised randomly selected
consecutive individuals undergoing ultrasound examina-
tion of the abdominal aorta during the same study period.
Power analysis was performed to calculate the sample
size in each group based on the study of Pleumeekers et
al,10 with an expected prevalence of 12.2% in the patient
and 3.7% in the control group. For equal sample sizes of the
two groups (patients with inguinal hernia and controls), a
power 0.85 would be achieved with at least 200 individ-
uals in each group (  0.05).
Individuals from the inguinal hernia and control
groups were interviewed and examined by an experienced
physician. Demographic and clinical characteristics were
recorded, and cardiovascular risk factors and disease were
assessed. Features obtained for each patient included age,
body mass index (BMI, kg/m2), profession (manual or
sedentary), presence of hypertension requiring medica-
tion, diabetes requiring medication or dietary modifica-
tion, coronary artery disease documented as myocardial
infarction or angina requiringmedication, dyslipidemia and
statin therapy, chronic obstructive pulmonary disease
(COPD) requiring medication, and history of smoking.
Any physician-diagnosed derangement in the lipid profile
requiring medication was defined as dyslipidemia. Current
smokers were defined as those who reported smoking
within the previous 24months. A history of abdominal wall
hernia repair was recorded, and for patients with inguinal
hernia, the presence of unilateral or bilateral hernia was
documented. Noone participating in the studywas known to
have had a previous AAA or repair of such an aneurysm.
Approval from the Institutional Review Board was obtained,
and all participants provided informed consent for abdominal
ultrasound screening and participation in the study.
Aortic ultrasound imaging. Ultrasound imaging of
the abdominal aorta was performed by two experienced
physicians (a radiologist and a vascular surgeon). The ultra-
sound scanning was performed with a portable ultrasound
system (LOGIQE, GE Healthcare, Wauwatosa, Wisc) us-
ing a virtual convex 2- to 5.5-MHz transducer. Appropriate
scan settings (depth of focus, power output, dynamic
range, gain, gray scale, filters, and ramp) were adjusted to
obtain optimal image quality.
Participants were placed supine for the examination.
The entire infrarenal aorta was examined, and the aortic giameter was measured at three levels: the origin of the
enal arteries, the aortic bifurcation, and in the middle of
he distance between the previous measurements. Diame-
ers were measured at the vertical (anteroposterior) plane
etween the two most outer wall echo signals, according to
reviously described protocols.10,17 The maximum diam-
ter of the middle and distal abdominal aorta in each
ndividual was chosen for the calculation of the mean
ortic diameter in the two groups. An AAA was defined
s a diameter 30 mm or as a 50% increase of the
iameter at the middle/distal level compared with the
roximal diameter. Aortic dilatation was considered to
e present when the middle/distal aortic diameter was
etween 25 and 30 mm.
Statistical analysis. Statistical analysis was performed
ith SPSS 15 software (SPSS Inc, Chicago, Ill). Differences
etween the groups were tested for statistical significance
sing the independent t test for continuous variables and
he 2 test or Fisher exact test for categoric variables, as
ppropriate. All statistical tests were two-tailed, and statis-
ical significance was assumed at P  .05. Prevalence (de-
ned as frequency of aneurysm in the study groups) and
dds ratios (OR) of AAA were estimated with 95% confi-
ence intervals (CI) for the inguinal hernia and control
roups. Adjustments for differences in clinical features be-
ween the study groups were performed using logistic
egression analysis. To assess the effect of the independent
ariables observed within the study context, each one was
nitially examined separately using the 2 test, and the
ignificant predictors at level P1  .25 were identified.
hese were used in a binary logistic regression model. The
ormerly nonsignificant factors were then considered again
sing forward selection at level P2  .10. Interactions
etween the main effects of the final model were examined.
he enter method with significance level of P3  .05 was
sed to obtain P values and ORs for the main effects and
nteractions. Mean data are presented with the standard
eviation.
ESULTS
Study groups characteristics. Our study cohort con-
isted of 235 patients with inguinal hernia and 203 controls
ithout clinical evidence of an inguinal hernia who were
creened for the presence of an AAA. The demographic and
linical characteristics of the two groups are outlined in
able I. Control individuals were older than the hernia
atients and had a more unfavorable cardiovascular risk
rofile, with increased frequency of hypertension, ischemic
eart disease, and dyslipidemia than the inguinal hernia
atients. Patients with inguinal hernia had an increased
requency of previous repair of other abdominal wall her-
ias compared with the control group.
Prevalence of aneurysm. The aortic diameter was
2  9 mm in patients with inguinal hernia vs 20  6 mm
n control, which was significantly higher (P  .045). The
revalence of AAA was 8.1% (95% CI, 4.6%-11.6%) in the
ernia group and 3.9% (95% CI 1.3%-6.6%) in the control
roup (OR, 2.1; 95% CI, .9-5.0). Adjustment for differ-
Dd
a
e
h
m
p
t
h
r
t
h
g
v
m
i
a
1
w
5
p
s
h
b
m
a
w
p
JOURNAL OF VASCULAR SURGERY
May 20111186 Antoniou et alences in age, COPD, and the cardiovascular risk factors of
hypertension, dyslipidemia, coronary artery disease, diabe-
tes, and smoking status between the study groups was
performed using forward logistic regression analysis; the
adjusted OR was 3.9 (95% CI, 1.6-9.5; P  .039). For
aneurysms 4 cm, which are of most clinical significance,
the prevalence in those with and without inguinal hernia
was 5.1% and 1.5%, respectively (adjustedOR, 4.7; 95%CI,
1.2-18.5; P  .025). Aneurysms with a diameter 5.5 cm
were identified in eight patients of the inguinal hernia
group and in two controls (OR, 3.5; 95% CI, 0.7-16.9; P
.091). The prevalence of aortic dilatation was 7.2% in the
inguinal hernia and 5.9% in control group (OR, 1.2; 95%
CI, 0.6-2.7; P  .579).
To evaluate whether the relationship between inguinal
hernia and AAA aneurysm differs across subgroups and
investigate the effect of specific variables, the interaction on
the outcome (aneurysm prevalence) was assessed between
hernia vs nonhernia and independent variables, including
age group, hypertension, coronary artery disease, diabetes,
dyslipidemia, and smoking status. A significant interaction
between coronary artery disease and group category (hernia
vs control) on the prevalence of aneurysm was identified
(P .002). Individuals in the inguinal hernia group with a
history of coronary artery disease had a significantly higher
21.7% prevalence of aneurysm vs 7% in the controls with
coronary artery disease (adjusted OR, 4.3, 95% CI 1.2-
16.3; P  .03). No significant interaction between the
variables of age group or smoking status (current smoker vs
former/never smoked; P  .299) and hernia or nonhernia
vs outcome of aneurysm prevalence was detected (P 
Table I. Baseline demographic and clinical characteristics
Characteristic
Ing
Age, mean (SD), years
Body mass index, mean (SD) kg/m2
Hypertension, No. (%)
Diabetes mellitus, No. (%)
Coronary artery disease, No. (%)
Dyslipidemia, No. (%)
COPD, No. (%)
Smoking, No. (%)
Current smoker
Former smoker
Never smoked
Profession, No. (%)
Sedentary
Manual
Previous abdominal wall hernia repair, No. (%)
Site of hernia, No. (%)
Right
Left
Bilateral
Duration of hernia, mean (SD) years
Presentation of hernia, No. (%)
Acute
Chronic
COPD, Chronic obstructive pulmonary disease; SD, standard deviation..073; Table II). cISCUSSION
A powerful body of published clinical evidence has
emonstrated a correlation between aortic aneurysms and
bdominal wall hernias. An increased risk for both postop-
rative incisional hernia and inguinal hernia development
as been found in patients treated for AAA.12,14 Further-
ore, an elevated prevalence of inguinal hernias among
atients with aortic aneurysm compared with patients
reated for aortoiliac occlusive and coronary artery disease
as been described.15,18,19 However, there are limited data
egarding the reverse association of these conditions, and
he identification of patients with inguinal hernia as a
igh-risk group for AAA has not been adequately investi-
ated.
Our literature search detected two clinical reports in-
estigating the hypothesis that patients in this subgroup
ay be suitable candidates for AAA screening.10,16 An
nitial report assessing the prevalence of AAA in 156 men
ged 55 with a history of inguinal hernia repair found a
2.2% risk for aneurysm compared with 3.7% in controls,
hich was significant (prevalence ratio, 3.3; 95% CI, 2.0-
.3).10 The authors proposed that a selective screening
rogram with ultrasound imaging of the abdominal aorta
hould be considered in patients scheduled for inguinal
ernia repair. Their results, however, were not confirmed
y another study evaluating the value of aortic screening in
en aged 65 years.16 In that report, a power of 85% was
chieved with a cohort of 70 patients who were examined
ith abdominal ultrasound imaging, and an aneurysm
revalence of 3%was found.However, no control group for
tients with inguinal hernia and the control group
l hernia group Control group
P 235) (n  203)
8 (8.1) 71.3 (6.8) .001
3 (0.7) 25.4 (0.9) .102
3 (48) 132 (65) 0
2 (9.4) 27 (13.3) .192
6 (19.6) 57 (28.1) .036
7 (20) 79 (38.9) 0
5 (6.4) 19 (9.4) .182
.013
0 (29.8) 38 (18.7)
0 (29.8) 81 (39.9)
5 (40.4) 84 (41.4)
.008
7 (37) 51 (25.1)
8 (63) 152 (74.9)
4 (31.5) 22 (10.8) 0
. . . . . .
6 (57.9)
6 (40.9)
3 (1.3)
4 (7.9) . . . . . .
. . . . . .
1 (8.9)
4 (91.1)of pa
uina
(n
68.
26.
11
2
4
4
1
7
7
9
8
14
7
13
9
4.
2
21omparison of prevalences was examined in that study.
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Volume 53, Number 5 Antoniou et al 1187In view of the inconsistency of the results of these
studies, we conducted research in a larger cohort to evalu-
ate whether men aged 55 admitted for repair of primary
inguinal hernias had a higher prevalence of AAA than men
of similar age receiving aneurysm screening. An increased
risk for aneurysmwas found in patients with inguinal hernia
who were examined with abdominal ultrasound imaging
compared with control individuals without clinical evi-
dence of hernia. This risk reached statistical significance
after adjustment for differences in age, COPD, and cardio-
vascular risk factors (P .039). Although the prevalence of
aortic dilatation in the inguinal hernia group was not sig-
nificantly higher than that of controls, patients with ingui-
nal hernia had an increased aortic diameter, indicating a
propensity toward aneurysmal degeneration of the abdom-
inal aorta.
The results of the present study are consistent with
those of Pleumeekers et al.10 Although the prevalence
figures of AAA in hernia patients were higher in their
cohort, statistical analysis revealed no significant difference
between the inguinal hernia groups of the two studies
(12.2% vs 8.1%, P  .181). Such comparisons should be
approached with caution, however, because the groups
come from different studies, without any risk adjustment
having being performed. Their inguinal hernia study group
were elderly and had a less favorable cardiovascular risk
profile than the control group, which increases the risk for
AAA and might explain the increased aneurysm prevalence
in their study population. In our study, however, patients of
the inguinal hernia group were younger and had fewer
vascular risk factors than control individuals.
After adjusting for differences in age and cardiovascular
indicators, Pleumeekers et al10 reported a risk of aneurysm
of 2.6 (95% CI, 1.3-5.4), as opposed to our estimated risk
of 3.9 (95% CI, 1.6-9.5). Moreover, they examined their
patients at a variable period after hernia repair, which might
Table II. Prevalence of abdominal aortic aneurysm in pati
Inguinal hernia
Variable (n  235)
Aortic diameter, mean (SD) mm 22 (9)
Prevalence of AAA, No. (%) 19/235 (8.1
Prevalence of aneurysm 4 cm, No. (%) 12/235 (5.1
Prevalence of AAA, No. (%)
Age 65 17/169 (10
Age 65 2/66 (3.0
Prevalence of AAA, No. (%)
Current smoker 8/70 (11
Previous/never smoked 11/165 (6.7
Prevalence of AAA, No. (%)
COPD 1/15 (6.7
No COPD 18/220 (8.2
Prevalence of AAA, No. (%)
Coronary artery disease 10/46 (21
No coronary artery disease 9/189 (4.8
AAA, Abdominal aortic aneurysm; CI, confidence interval; COPD, chronic
aAdjusted for differences in age, COPD, hypertension, dyslipidemia, coronaprovide a further explanation for their increased prevalence mompared with our figures.10 Our research documented no
emporal difference between the inguinal hernia repair and
he diagnostic examination. Their original report was also
imited by discrepancies in screening methods: their refer-
nce group was selected from an aortic screening group of
nother study. We circumvented this limitation by the
ortic examinations being performed by the same operators
sing the same ultrasound machines. Power analysis was
erformed based on the sample size and prevalence differ-
nce in cases and controls of that original report, and an
dequate power was achieved to consolidate our results.
A limitation of our study is that patients enrolled in the
tudy came from two different institutions and geographic
reas, whereas control individuals came from an aneurysm
creening program at one of the participating centers. This
ould potentially interfere with the accuracy of the ultra-
ound examinations performed by two different examiners.
Another study limitation is that patients and controls
ere not age-matched, and matching for smoking status
as not performed, which would have improved the valid-
ty of the results obtained.
Furthermore, the study did not evaluate potential dif-
erences in aneurysm prevalence between patients with
irect and indirect inguinal hernia, which might shed more
ight on the correlation of the two pathologic conditions
nd the common pathogenetic pathways of abnormal col-
agen metabolism.
Sufficient clinical evidence exists linking aneurysm and
ernia to a common pathology. The hypothesis of a com-
on underlying collagen disorder resulting in degenera-
ion of the aortic and abdominal wall connective tissue has
een postulated by several authors.11-13 Even though the
athogenic mechanism of this relationship has not been
xplained in full, the more extensively studied abnormality
n both disease processes is a dysregulation of the balance
etween extracellular matrix-degrading enzymes, such as
with inguinal hernia and controls
p Control group
(n  203) OR (95% CI)a Pa
20 (6) . . . .045
8/203 (3.9) 3.9 (1.6-9.5) .039
3/203 (1.5) 4.7 (1.2-18.5) .025
3.5 (0.8-16.3) .108
8/172 (4.7)
0/31 (0)
3.3 (1.4-7.7) .007
4/38 (10.5)
4/165 (2.4)
2.3 (0.7-7.6) .194
3/19 (15.8)
5/184 (2.7)
4.3 (1.2-16.3) .03
4/57 (7.0)
4/146 (2.7)
uctive pulmonary disease; OR, odds ratio.
ery disease, diabetes, and smoking status.ents
grou
)
)
.1)
)
.4)
)
)
)
.7)
)
obstretalloproteinases, and their endogenous inhibitors.20,21
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May 20111188 Antoniou et alThis association is straightened by the fact that both con-
ditions have a hereditary component, leading to the as-
sumption that possible interactions between multiple gene
and environmental factors may manifest with abdominal
wall hernia and aortic aneurysm formation.22,23
CONCLUSIONS
Several factors are associated with increased prevalence
of AAA. Of these, older age, male gender, and smoking
have the greatest association with aortic aneurysm and have
been used as inclusion criteria upon which implementation
of AAA screening programs is based. We have demon-
strated an association between inguinal hernia and AAA
and found that men with inguinal hernia have an increased
prevalence of AAA compared with men without a hernia.
Entry into a screening program for AAA with abdominal
ultrasound imaging of men aged55 admitted for inguinal
hernia repair should be considered.
AUTHOR CONTRIBUTIONS
Conception and design: GA, ML
Analysis and interpretation: GA, AG, GG, SA, CS, PP, ML
Data collection: GA, SA
Writing the article: GA
Critical revision of the article: AG, GG, SA, CS, PP, ML
Final approval of the article: GA, AG, GG, SA, CS, PP, ML
Statistical analysis: GA, ML
Obtained funding: Not applicable
Overall responsibility: GA
REFERENCES
1. Blanchard JF. Epidemiology of abdominal aortic aneurysms. Epidemiol
Rev 1999;21:207-21.
2. Melton LJ 3rd, Bickerstaff LK, Hollier LH, Van Peenen HJ, Lie JT,
Pairolero PC, et al. Changing incidence of abdominal aortic aneurysms:
a population-based study. Am J Epidemiol 1984;120:379-86.
3. U.S. Preventive Services Task Force. Screening for abdominal aortic
aneurysm: recommendation statement. Ann Intern Med 2005;142:
198-202.
4. Bergqvist D, Björck M, Wanhainen A. Abdominal aortic aneurysm – to
screen or not to screen. Eur J Vasc Endovasc Surg 2008;35:13-8.
5. Ashton HA, Buxton MJ, Day NE, Kim LG, Marteau TM, Scott RA, et
al; Multicentre Aneurysm Screening Study Group. The Multicentre
Aneurysm Screening Study (MASS) into the effect of abdominal aortic
aneurysm screening on mortality in men: a randomised controlled trial.
Lancet 2002;360:1531-9.
6. Kim LG, Scott RA, Ashton HA, Thompson SG, Multicentre Aneurysm
Screening Study Group. A sustained mortality benefit from screening
for abdominal aortic aneurysm. Ann Intern Med 2007;146:699-706. S7. Fleming C, Whitlock EP, Beil TL, Lederle FA. Screening for abdominal
aortic aneurysm: a best-evidence systematic review for the U.S. Preven-
tive Services Task Force. Ann Intern Med 2005;142:203-11.
8. Cosford PA, Leng GC. Screening for abdominal aortic aneurysm.
Cochrane Database Syst Rev 2007;2:CD002945.
9. Alcorn HG, Wolfson SK Jr, Sutton-Tyrrell K, Kuller LH, O’Leary D.
Risk factors for abdominal aortic aneurysms in older adults enrolled in
the Cardiovascular Health Study. Arterioscler Thromb Vasc Biol 1996;
16:963-70.
0. Pleumeekers HJ, De Gruijl A, Hofman A, Van Beek AJ, Hoes AW.
Prevalence of aortic aneurysm in men with a history of inguinal hernia
repair. Br J Surg 1999;86:1155-8.
1. Antoniou GA, Tentes IK, Antoniou SA, Georgiadis GS, Giannoukas
AD, Simopoulos C, et al. Circulating matrix metalloproteinases and
their inhibitors in patients with inguinal hernia and abdominal aortic
aneurysm. Int Angiol 2010 in press.
2. Takagi H, Sugimoto M, Kato T, Matsuno Y, Umemoto T. Postopera-
tive incision hernia in patients with abdominal aortic aneurysm and
aortoiliac occlusive disease: a systematic review. Eur J Vasc Endovasc
Surg 2007;33:177-81.
3. Golledge J, Reeve T, Norman PE. Abdominal aortic aneurysm, inguinal
hernias and emphysema. ANZ J Surg 2008;78:1034.
4. Raffetto JD, Cheung Y, Fisher JB, Cantelmo NL, Watkins MT, Lam-
orte WW, et al. Incision and abdominal wall hernias in patients with
aneurysm or occlusive aortic disease. J Vasc Surg 2003;37:1150-4.
5. Lehnert B, Wadouh F. High coincidence of inguinal hernias and
abdominal aortic aneurysms. Ann Vasc Surg 1992;6:134-7.
6. Anderson O, Shiralkar S. Prevalence of abdominal aortic aneurysms in
over 65-year-old men with inguinal hernias. Ann R Coll Surg Engl
2008;90:386-8.
7. Pleumeekers HJ, Hoes AW, Mulder PG, van der Does E, Hofman A,
Laméris JS, et al. Differences in observer variability of ultrasound
measurements of the proximal and distal abdominal aorta. JMed Screen
1998;5:104-8.
8. Adye B, Luna G. Incidence of abdominal wall hernia in aortic surgery.
Am J Surg 1998;175:400-2.
9. Hall KA, Peters B, Smyth SH, Warneke JA, Rappaport WD, Putnam
CW, et al. Abdominal wall hernias in patients with abdominal aortic
aneurysmal versus aortoiliac occlusive disease. Am J Surg 1995;170:
572-5.
0. Antoniou SA, Antoniou GA, Granderath FA, Simopoulos C. The role
of matrix metalloproteinases in the pathogenesis of abdominal wall
hernias. Eur J Clin Invest 2009;39:953-9.
1. Pearce WH, Shively VP. Abdominal aortic aneurysm as a complex
multifactorial disease: interactions of polymorphisms of inflammatory
genes, features of autoimmunity, and current status of MMPs. Ann N Y
Acad Sci 2006;1085:117-32.
2. Jansen PL, Mertens PrP, Klinge U, Schumpelick V. The biology of
hernia formation. Surgery 2004;136:1-4.
3. Sandford RM, Bown MJ, London NJ, Sayers RD. The genetic basis of
abdominal aortic aneurysms: a review. Eur J Vasc Endovasc Surg
2007;33:381-90.ubmitted Jul 25, 2010; accepted Nov 5, 2010.
